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In the last year and a half, the research group under Dr. George Miley has been 
conducting experiments on the pressurization of chemically reactive nanoparticle metal hydrides 
with hydrogen gas. A consistent behavior of a net anomalous heat release has been seen. With 
consultation from peers and comparison to similar experiments by a Japanese research group 
called Technova, there has been an effort to analyze these experiments with deuterium gas at 
higher temperatures. The calorimetry for higher temperature experiments proved to be a bit more 
complicated; therefore, a new reactor setup was designed to allow for calorimetry of the system. 
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CHAPTER 1: INTRODUCTION 
 This thesis is concerned with the experimental results of pressurizing chemically reactive 
nanoparticle metal hydrides with D2 and H2. It will also discuss the design and performance of a 
calorimetry system for heat transfer analysis at elevated temperatures. It has been observed that a 
consistent anomalous excess energy is released while pressurizing these particles; however, the 
amount of anomalous energy is not high enough to be compelling evidence that this is not due to 
instrumentation error. There have been experiments done by others that have suggested that this 
energy release may be able to be scaled by performing these pressurizations at higher 
temperatures. 
The results of this project could lead to the beginning of a new era in energy. As 
observed, evidence of an anomalous heat release would help lead to applications in which this 
technology can be used as a viable clean energy source, provided it can be scaled to higher levels 
of energy. If this can be proved, the world would have a clean alternative to energy that would 
not pollute the environment.  
1.1 Overview of Metal Hydride Experiments Thus Far 
 There have been many experiments with metal hydrides thus far, however, the 
experiments performed in this thesis are efforts to further this research. A Japanese research 
group called Technova reported a significant level of excess heat observed when taking reactive 
metal hydride compositions to elevated temperatures and pressurizing with D2. They reported an 
excess heat generation of over 26000 MJ per mol-H(D). [3] This motivated us to replicate this 
experiment with the particles that we had at higher temperatures; however, the state of our 
experimental apparatus didn’t allow for calorimetry at higher temperatures. A new system was 
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designed to provide a fluid-flow calorimetry that would allow the measurement of the heat 
transferred through the reaction to the fluid. This is discussed at length in section 2.3.  
1.2 Experimental Controls  
The experiments were performed with a set of controls to compare the results. ZrO2 was 
pressurized with H2 or D2 as it does not absorb hydrogen; therefore, it would show negligible 
values for the exotherm and endotherm. Pure palladium was used to compare the difference that 
the ZrO2 would make when combined with the Pd particles. Argon gas was used to pressurize the 
reactive Pd-ZrO2 particles as it is an inert gas, and therefore, would show negligible values for 
the exotherm and endotherm. Similar control methods will be applied to the high temperature 
experiments. 
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CHAPTER 2: EXPERIMENTAL DESIGN 
2.1 Particle Preparation 
 It is theorized that a ZrO2 alloy helps anchor the H2 or D2 particles in defect sites to cause 
reactions to occur. A vacuum arc welded Pd-Zr alloy puck is milled in a cryogenic ball mill to 
less than 10µm size. The Pd-Zr particles are then oxidized in a furnace to become PdO-ZrO2. 
These particles are then reduced in the specified systems to become Pd-ZrO2. The reduction runs 
have calorimetric data; however, other than to prove the full reduction of the particles, these 
energy values have been dismissed. For consistency, it usually takes about two or three 
pressurizations to fully reduce.  
 To prove that particles have been fully reduced, XRD(X-Ray Diffraction) and 
TGA(Themogravimetric Analysis) experiments were done before reduction and after reduction 
to show the disappearance of the PdO spike and the mass gain/loss respectively. Fig. 1 below 
shows the TGA curve where a 4.76 wt% mass gain was observed from a fully reduced sample of 
PdZrO2. This is higher than the theoretical value which would show a 4.23 wt% increase to the 
fully oxidized state.  
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Figure 1: TGA Curve for Pd-ZrO2 
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Figure 2: Nanoparticle Size  
 
2.2 Data Collection and Analysis 
 Data is collected from various instruments to a National Instruments DAQ, shown in Fig. 
3 below, which sends the data to a linux server as SQL tables. This data is then loaded onto a 
python notebook in which the raw data is organized into dataframes. One notebook is used to 
create plots to view the data in real time, as well as to create file sets of separate runs to be 
analyzed in a separate heat analysis notebook. The heat analysis notebook uses the specified heat 
transfer models, and analyzes all the run files to output an exotherm and endotherm in joules. 




Figure 3: Data Acquisition System (DAQ) 
2.2 Gen 1 System 
2.2.1 System Design and Purpose 
 The “Gen 1” system, as shown in Fig. 4 below, is simply a stainless steel vessel 
connected to a vacuum pump and a pressure line. This system is used mainly for the 
reduction of PdO-ZrO2 particles while baking off the water formation, or for qualitative 
analysis of high temperature H2 pressurizations. This system is not used for calorimetry 
because the heat transfer is not able to be accurately measured with the setup it consists 
of. There is an internal thermocouple some external thermocouples, however the heat 
transfer is effected by radiation and conduction losses, as well as the effects of room 
temperature changes; therefore, it is not a viable system for calorimetry. D2 is not used in 
any systems or lines that use H2 to avoid the possible heat release of the mixture of 
gasses.  
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Figure 4: Gen 1 Design 
 
2.2.2 Experimental Controls  
 For the qualitative analysis of high temperature H2 pressurizations, the following 
controls have been used: Argon gas pressurization of particles at high temperatures, 
Zirconia particles pressurization with H2 at high temperatures, and pure Palladium 
particles being pressurized with H2 at high temperatures. Pure Palladium is used because 
it shows the absorption and desorption of H2 without any excess heat. Zirconia particles 
are used because they are not reactive to H2. Argon is used because it is an inert gas, 




2.2 Gen 2 System 
2.2.1 System Design and Purpose 
 The Gen 2 system, as shown in Fig. 5 below, is a vessel, either stainless steel or 
copper, which is connected to a pressure line and a vacuum pump, while being inside a 
larger outer vacuum chamber which is surrounded by fiberglass insulation. This system is 
used for room temperature pressurizations of H2 on Pd-ZrO2 particles with calorimetric 
data. The outer vacuum chamber serves as an insulator to prevent the changes in room 
temperature from effecting our experiments, as well as being the destination of radiative 
heat release.  
  
 
Figure 5: Gen 2 System Design 
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 2.2.2 Heat Transfer Model 
 The heat transfer model used for the calorimetry of the Gen 2 system is a 
combination of radiative loss from the vessel to the inner wall of the outer chamber and 
conductive heat loss up the tubing of the vessel. Four type k thermocouples are attached 
to the outside of the vessel in which the particles are and one type k thermocouple is 
attached to the inner wall of the outer vacuum chamber. One thermocouple is placed at 
the top of the line that goes to the vessel holding the particles. The heat loss from the 
exothermic and endothermic reactions due to radiative loss is modeled by the following 
equation: 
! = 	$%&'()'
* − ),*) 
where: 
 !. = radiation heat loss rate  
 $ = emissivity coefficient of the radiating object 
% = Stefan-Boltzmann Constant, 5.670351078	( 9
:;<=
) 
&' = surface area of emitting object (walls of the reactor vessel) (m
2) 
)' = hot body temperature (K) 
), = cold surroundings temperature (K) 
 
The heat loss due to conduction up above the vessel is modeled by the following 
equation:  
!, = 	>&()?,@ − )A)/C 
where:  
 !, = conduction heat loss rate  
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 > = thermal conductivity (W/m K) 
C = length of tube over which )?,@ drops to )A (m) 
& = cross sectional area of tube wall that conducts heat (m2) 
)?,@ = top thermocouple temperature (K) 
)A = ambient temperature (K) 
 
The conductive and radiative heat losses are integrated over time and added together to 
form the total heat loss during the exothermic and endothermic reactions of the particles. 
As seen in Fig. 6 below, the absorption and desorption portions should be equal, and any 
positive values when the exotherm and endotherms are added can be attributed to 
anomalous or excess heat, which can be seen in Fig. 7, labeled as Net Energy. 
 





Figure 7: Net/Excess Energy Depiction 
 
2.2.2 Experimental Controls  
 The experimental controls used in the Gen 2 system are as follows: Argon gas 
with Pd-ZrO2 particles, H2 gas with Zirconia Particles, and H2 gas with Palladium 
particles. The Argon gas is inert; therefore, it should not show any heat release. The 
Zirconia particles are not reactive with H2 gas; therefore, they should not show any heat 
release. Lastly, the Palladium particles are reactive with hydrogen, however the 
exothermic and endothermic reactions of the absorption and desorption of H2 respectively 
are equal, according to many experiments performed in the past; therefore, an excess heat 
release (i.e an exotherm larger than the endotherm) should not be seen.    
 12 
2.3 Gen 5 System  
2.3.1 System Design and Purpose 
 The Gen 5 system, as shown in Fig. 8 below, was designed primarily for D 
experiments in a system that had not been previously contaminated with hydrogen. This 
system was designed to perform high temperature experiments with calorimetry for 
quantitative analysis. The motivation to build this system is discussed further in section 
3.3. The system consists of a stainless steel vessel that holds particles, surrounded by a 
specially designed copper sheath in which water, or any fluid, flows. The stainless steel 
vessel is connected to a pressure line and a vacuum pump, and the sheath and vessel are 
both surrounded by a larger outer vacuum chamber for insulation from external 
temperature changes. The water is pumped through the water lines from a pump which is 
located outside the vacuum chamber and flows inside the sheath around the stainless steel 
vessel. There is a thermocouple probe on the inlet to measure the temperature of the 
water before it flows around the vessel and a thermocouple probe on the outlet for 
measuring temperature after flowing around the vessel. Both are inside the outer vacuum 
chamber. The water flows through a flow meter at the outlet of the outer vacuum 
chamber to measure the flow rate. Before entering the system again, the heated water 
flows through a heat exchange device to cool it down. There is a cartridge heater inside 
the stainless steel vessel to heat the particles and two thermocouple probes to measure the 
temperature of the particles. A ceramic break is used at the top of the vessel so that heat 
doesn’t conduct up the pipe. The diagram in Fig. 8 isn’t accurate to what the system 
actually looks like due to minor logistical changes in design, but it is included for 
simplicity. The copper sheath can be seen better in Fig. 9 in the CAD cutout. This system 
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Figure 9: Gen 5 Copper Sheath CAD Diagram 
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Figure 10: Gen 5 System 
 
 2.3.2 Heat Transfer Model 
 The heat transfer model for this system uses the mass flow rate of the water, the 
specific heat capacity of water, and the temperature difference across the inlet and outlet 
water thermocouple probes. This data is integrated over the time of the exothermic and 
endothermic reactions to calculate the energy release. The equation used is [1]:   
! = DEF()G − )H)	 
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where: 
 ! = Output power (W) 
  D = mass flow rate of water (g/s) 
  EF = specific heat of water (J/(g K)) 
  )G = inlet temperature of water (K) 
  )H = outlet temperature of water (K) 
The ! is calculated for the exotherm and the endotherm separately, and then integrated 
over the length of time of each. These values are the total energy release observed by the 
water,	I?H?JKLMH  and I?H?JKLNOH.  
There are two methods to calculating the excess energy: 
Method 1: The total energy observed by reactive particles, 	I?H?JKPQ?R 
 subtracted by the total energy observed by the Argon baseline control 
experiments,	I?H?JKPQ?S., at their respective pressures and temperatures.  
I?H?JKLMHR + I?H?JKLNOHR = 	I?H?JKPQ?R 
I?H?JKLMHS. + I?H?JKLNOHS. = 	I?H?JKPQ?S. 
I?H?JKPQ?R − I?H?JKPQ?S. = 	I?H?JKPQ?LM,QUU 
  
Method 2: The total energy observed by reactive particles subtracted by the power input 
in joules to heat the particles over the duration of the run.   
I?H?JKLMHR + I?H?JKLNOHR = 	I?H?JKPQ?R 







 VGNFW? = Electrical power input (J) 
 X.:U = Root mean squared voltage (V) 
 Z.:U = Root mean squared current (A) 
 \ = time in seconds 
 
2.3.2 Experimental Controls  
 The experimental controls for the Gen 5 system are as follows: Argon gas 
pressurization of Pd-ZrO2 particles, and D2 pressurization of Zirconia particles. Argon 
gas is inert; therefore, it should not show any heat release from reacting to the particles. 
Zirconia particles are not reactive to D2 pressurization, therefore they should not show 
any heat release from reacting to particles.  Table 1 shows the baseline experiments with 
Zirconia and Deuterium gas, Table 2. shows the baseline experiments with argon and the 
reactive particles.  In these tables, buffer pressure refers to the pressure stored within a 
buffer chamber before opening to the reactor vessel. At no point is the reactor vessel open 
directly to the gas tanks.  
 















17.65 2 15 30 90 
D2 50 2 15 30 90 
D2 114.7 2 15 30 90 
D2 179.4 2 15 30 90 
D2 200 2 15 30 90 
 
Table 1 (cont.) 
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17.65 2 15 30 90 
D2 50 2 15 30 90 
D2 114.7 2 15 30 90 
D2 179.4 2 15 30 90 
D2 200 2 15 30 90 
D2 
200 
17.65 2 15 30 90 
D2 50 2 15 30 90 
D2 114.7 2 15 30 90 
D2 179.4 2 15 30 90 
D2 200 2 15 30 90 
D2 
300 
17.65 2 15 30 90 
D2 50 2 15 30 90 
D2 114.7 2 15 30 90 
D2 179.4 2 15 30 90 
D2 200 2 15 30 90 
D2 
400 
17.65 2 15 30 90 
D2 50 2 15 30 90 
D2 114.7 2 15 30 90 
D2 179.4 2 15 30 90 
D2 200 2 15 30 90 
D2 
500 
17.65 2 15 30 90 
D2 50 2 15 30 90 
D2 114.7 2 15 30 90 
D2 179.4 2 15 30 90 
























17.65 2 30 60 180 
Ar 50 2 30 60 180 
Ar 114.7 2 30 60 180 
Ar 179.4 2 30 60 180 
Ar 200 2 30 60 180 
Ar 
100 
17.65 2 30 60 180 
Ar 50 2 30 60 180 
Ar 114.7 2 30 60 180 
Ar 179.4 2 30 60 180 
Ar 200 2 30 60 180 
Ar 
200 
17.65 2 30 60 180 
Ar 50 2 30 60 180 
Ar 114.7 2 30 60 180 
Ar 179.4 2 30 60 180 
Ar 200 2 30 60 180 
Ar 
300 
17.65 2 30 60 180 
Ar 50 2 30 60 180 
Ar 114.7 2 30 60 180 
Ar 179.4 2 30 60 180 
Ar 200 2 30 60 180 
Ar 
400 
17.65 2 30 60 180 
Ar 50 2 30 60 180 
Ar 114.7 2 30 60 180 
Ar 179.4 2 30 60 180 


















17.65 2 30 60 180 
Ar 50 2 30 60 180 
Ar 114.7 2 30 60 180 
Ar 179.4 2 30 60 180 




17.65 2 30 60 180 
Ar 50 2 30 60 180 
Ar 114.7 2 30 60 180 
Ar 179.4 2 30 60 180 
Ar 200 2 30 60 180 
 
 21 
CHAPTER 3: TESTING AND RESULTS 
3.1 Room Temperature Experiments with H2 
 In the Gen 2 system, room temperature experiments were performed by pressurizing the 
reactive PdZrO2 nanoparticles with hydrogen gas. Below are the results of the numerous 
experiments and their energy values. The data shown in these histograms represents all runs over 
a period of six months, omitting the runs that involved faulty data. The data sets that were 
excluded from this representation were judged faulty or inadmissible included: data sets that 
involved oxidation-reduction runs, incomplete runs (intentionally short pressurization or vacuum 
times) which do not undergo a complete heating and cooling cycle, runs with significant changes 
to ambient temperature throughout run, runs with thermocouple instrumentation errors, and runs 
with pressure leaks discovered. In these histograms, Pd refers to pure palladium particles, UPT 
refers to the reactive Pd-ZrO2 particles that are of interest, UPT Reproducibility refers to UPT 
particles that were ran by selecting constant parameters based on previous runs to demonstrate 
the particles’ capability to repeatedly undergo pressurization and depressurization and yield a 
consistent amount of net energy without changing variables, and Legacy refers to an old batch of 
Pd-ZrO2 particles which can be ignored.  
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Figure 11: Histogram of Net Energy Values 
 
  
Figure 12: Histogram of Mass Normalized Net Energy Values 
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Figure 13: Histogram of Net Energy Values Including Reproducibility Runs 
 
 Fig. 11 above shows that the reactive Pd-ZrO2 particles show consistent excess energy 
values above the controls. The pure palladium particles were prepared using the same treatment 
process as the reactive Pd-ZrO2 particles. According to PCT experiments, when pure palladium is 
loaded with gaseous hydrogen, the exotherm and endotherms are expected to be almost equal, 
meaning there shouldn’t be any notable amount of excess energy, which can be seen in the 
figures above. [4] The pure palladium particles produced excess values of less than 200 joules, 
with a majority of them being less than 20 Joules. These values can be attributed to errors in the 
thermocouple measurements. The Pd-ZrO2 particles were developed to provide an interface 
where defects could be anchored and trap hydrogen, producing a higher cluster density, and 
therefore a higher net energy. In Fig. 13, it can be seen that the reproducibility runs maintained 
an excess energy, however we were unable to replicate the runs that showed larger amounts of 
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excess energy. Fig. 12 shows the energy values normalized by mass to show that the amount of 
particles used didn’t effect the comparison of energy values between the control.  
 ZrO2 was pressurized with hydrogen as a control to show that a non-reactive material 
would not exhibit any excess heat. Similarly, the reactive Pd-ZrO2 particles were pressurized 
with argon, an inert gas, to show this as well. The results of those runs can be seen in the sample 
plot below in Fig. 14, where no exotherm or endotherm due to absorption and desorption 
respectively are witnessed. 
 
Figure 14: Room Temperature Zirconia and H2 Pressurization Temperature Profile 
 
 Even though it seems encouraging that excess heat is observed consistently with the 
reactive Pd-ZrO2 particles, the amount of heat isn’t large enough to declare confidently that it 
couldn’t be due to error in measurement. It is highly encouraging that compared to the controls, 
the reactive particles have shown consistently higher amounts, but it isn’t enough to be a viable 
power source. Efforts must be made to somehow amplify these values. It can be theorized that 
possibly the reaction mechanism is only taking place in a limited number of sites in the particles. 
Possible evidence of this is discussed in section 3.6 with CR-39 tracks concentrating in certain 
random areas. It may be possible to alter the environment by introducing external parameters to 
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trigger more reactions to take place and therefore amplify the energy values. This is also just one 
particle composition that has been tested. There may be different compositions that might be 
more optimized to further increase the excess energy release values.  
 
3.2 Room Temp Experiments with D2  
 
 Room temperature experiments with D2 will be conducted in the Gen 5 system when 
baseline testing is complete. Currently, there is no data.  
 
3.3 Elevated Temperature Experiments with H2 
  
 The Gen 1 system was used to perform experiments at higher temperatures, however only 
qualitative data can be observed due to an ineffective calorimetry method. One internal type k 
thermocouple probe and a few external type k thermocouple wires were used. A ceramic heater 
was placed around the stainless steel vessel in order to heat it. The experiments were performed 
with hydrogen gas and the reactive Pd-ZrO2 particles, hydrogen gas and non-reactive ZrO2 
particles, and argon gas with the reactive Pd-ZrO2 particles at various temperatures. 
The temperature of interest is the 300° C range. At this temperature, according to our 
PCT(Pressure-Composition-Temperature) isotherm results for the reactive Pd-ZrO2 particles, 
there should be no hydrogen absorption at this temperature below pressures of 300psig. The plot 
in Fig. 15 shows a visible exotherm peak above that of the internal chamber equilibrium change 
due to convection from gas loading, but not a visible endotherm trough while the gas was 
evacuated. When comparing to the plot of hydrogen pressurization of reactive Pd-ZrO2 particles 
at around 160° C in Fig. 16, when there was a peak due to absorption, there was also a trough 
due to desorption. This occurred for every run at around 150° C with the reactive particles. This 
seems to explain that, as expected, there was indeed no absorption at 300° C for the reactive 
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particles, but the exothermic peak still existed. This meant that there was possibly a different 
reaction occurring that could be attributed to that heat release. When comparing to the controls, 
the plot of hydrogen pressurization of ZrO2 at around 300° C in Fig. 17 shows no peaks or 
troughs during pressurization and depressurization respectively. This is also seen in Fig. 18 with 
the pressurization of the reactive Pd-ZrO2 particles with argon gas. The absence of the troughs is 
evident in the control runs and is very similarly the case in the 300°C reactive particle run. This 
further suggests that as expected, the excess energy from the pressurization of hydrogen gas on 
the reactive particles can be attributed to something other than the chemical energy due to 
absorption and desorption. This motivated the effort to design a system capable of calorimetry at 
higher temperatures which led to the Gen 5 design. If the reaction mechanism was nuclear in 
nature, then deuterium would be a more successful agent for the reactions and possibly allow for 
higher energy densities, leading to the motivation to use deuterium instead of hydrogen in the 
new Gen 5 system.  






Figure 16: 165C H2 and Pd-ZrO2 Temperature Profile 
 
 








3.4 Elevated Temperature Experiments with D2 
 
 Elevated temperature experiments with D2 are going to be performed in the Gen 5 
system. The current design has run into issues with heating. Every time a cartridge heater is put 
into the system, it breaks because it gets too hot before the particles are able to heat past 50° C. 
This is also because the heaters are made with nichrome wire as the heating elements, and since 
the heater is in a vacuum both inside the vessel and outside the vessel, the nichrome can offgas 
and vaporize at high temperatures. This is leading to the use of tantalum instead of nichrome as it 
is better suited for vacuum operations. Tantalum wire will be wrapped around the bottom of the 
stainless steel vessel, while a cartridge heater made of tantalum, molybdenum and alumina will 
be placed inside the vessel, connecting through an electrical feed through in order to attempt to 
reach high temperatures.    
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 To test the flow calorimetry, the analysis was done on the few times that a cartridge 
heater was used to heat the particles before breaking. The input power was calculated in joules 
throughout the run and was compared to the output energy observed by the water calorimeter, 
which was calculated in the python script. The results were fairly close with the input power 
being around 84 kJ and energy measured by the water calorimeter being around 77 kJ. The 
difference can possibly be attributed to heat loss due to radiation and conduction, but could also 
be due to errors in measurement. Further experimentation will be done to provide an accurate 
error analysis in the future.  
3.6 Nuclear Products: Cr-39 Data 
 
 There have been various experiments performed by Erik Ziehm and Matthew 
Bergschneider, both members of our team, with CR-39 and pressurizing the reactive Pd-ZrO2 
particles with D2 and H2 at room temperature. There were many experimental controls as well to 
show the number of tracks that showed in background without any stimulus, and with various 
radioactive particle sources. The experiments with D2 and H2 both showed many tracks above 
background that could be attributed to alpha particles or beta particles. An example of tracks is 
shown in Fig. 20 below. The results showed that there were concentrated zones in which there 
were more particle tracks than other areas. This can be seen in Fig. 19 below. This leads to a 
theory that the reactions aren’t taking place all across the particles, but in some concentrated 
areas. If this is the case, then a method of causing a full reaction across all the particles would 
theoretically be able to increase the energy observed by orders of magnitude. It is, however, 
unclear which steps to take in order to achieve a full reaction. Although there are clear visible 
tracks due to nuclear products, it is unclear how these are tied to the heat release. Further 
experimentation is needed to form a relationship between nuclear products and heat release.  
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Figure 19: Color Density Map of CR-39 Sample of Pd-ZrO2 Pressurized with D2 





Figure 20: CR-39 Sample of D2 Pressurization of Pd-ZrO2 5X Magnification
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CHAPTER 4: FUTURE WORK 
  
4.1 Gen 5 Experiments 
 There are still many experiments left to perform on the Gen 5 system. Due to technical 
difficulties in reaching desired temperatures, almost all of the work is yet to be done. Baseline 
experiments with controls as described in section 2.3.2 are required. Room temperature and 
elevated temperature experiments with D2 and the reactive Pd-ZrO2 particles are required. So far 
it is clear that the calorimetry system is functional; however, these experiments have yet to take 
place.  
4.2 Differential Scanning Calorimetry 
 It is essential to prove the excess heat observed isn’t an error in our measurement system. 
To do so, it would be beneficial to replicate these experiments on a smaller scale in a differential 
scanning calorimetry (DSC) experiment. DSC is a thermoanalytic technique that is well-known 
and would provide accurate results. It works by heating two separate pans, one containing a 
sample, and one empty one. It measures the amount of heat is released in the sample pan 
compared to the empty pan, and therefore provides the difference in energy required to heat the 
sample pan. This data allows for calculation of many things including heat capacities, energy 
releases due to reactions at varying temperatures, and other thermal properties. If the results of 
this DSC experimentation matches our data, then we will have further evidence that an 
extraordinary reaction is taking place.  
4.3 Different Particle Compositions 
 The composition of particles for the current experiments is not necessarily the ideal 
scenario to maximize the level of excess heat output. There are many different particle 
compositions similar to the Pd-ZrO2 particles that might perform better. Some examples of other 
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compositions that have been used by Technova are Pd-SiO2, Cu-NiSiO2, Pd-NiZrO2, and NiZr. 
[3] It is unclear why a particle composition might be more advantageous than another at this 
time; however, it is definitely worth exploring different types of particles in order to attempt to 
maximize the excess heat observed.  
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CHAPTER 5: ENGINEERING APPLICATIONS 
5.1 Heating Applications 
 If the excess energy observed is not scalable, there may still be some engineering 
applications for this experiment. The excess heat can be used as heating applications in many 
different scenarios. There could be hand warmers or jacket warmers for cold weather areas. 
Many cars have heated seats and steering wheels, and this could be used to do just that, however 
it would be clean and reusable. It could also be used as water heaters or small room heaters. 
5.2 Engineering Applications 
 If the excess energy observed is scalable, there are numerous different applications in the 
engineering world. The possibilities are endless when a reliable, reusable, viable energy source is 
in question. Many of current technologies would be able to be powered by this instead of relying 
on fossil fuels. Some of these possibilities are discussed below.  
 Of these applications, one of the most important may be thermoelectricity. If all the heat 
released by the reactions is converted into electricity, this maximizes the efficiency of the 
reaction mechanism. A thermoelectric chip can be created to allow for this conversion of heat 
into electricity without moving parts instead of having to rely on steam turbines. [2] 
 Artificial muscles can be advanced. Currently, there is research being done on 
electroactive polymers that mimic biological muscles. The contract and relax depending on the 
electric power applied. This can replace motors, gears, and other moving parts, as they are 
quieter, stronger, and would last longer. This could also help those with disabilities to have 
functions they would otherwise not have. [2] 
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5.3 Aerospace Applications 
 For the aerospace industry, there may be even more applications for this energy source to 
further scientific discovery. 
There are also many military applications. Most past wars were largely impacted by 
civilian technologies like railroads, vehicles, medicine, etc. If a helicopter can fly at top speeds 
without stopping to refuel, this would give a massive advantage over those who do not have this 
capability. [2] This would also allow for longer mission times and even increase range of rescue 
missions.  
Vertical takeoff and landing(VTOL) vehicles would be able to be created with much 
more efficiency. This would remove the need for runways and allow for many more aircraft to be 
in the sky at the same time, decreasing the time between flights by not having to wait to land 
when air traffic is congested. If an aircraft does not need to be refueled, it is also possible to have 
loitering sensors and weapons that remain hovering over specified areas instead of having to be 
deployed. This allows for much better access to various technologies and regions.  
There are also more possibilities for electric propulsion on earth and in space. By being 
able to increase the energy input, magnetoplasmadynamic thrusters or electrohydrodynamic 
thrusters would be able to provide much more thrust; therefore, removing the need for large and 
noisy jet engines. This could allow for flying cars or flight suits. If electric propulsion is 
magnified and applied in space as it is today, it would allow for spacecraft to reach locations that 
were previously out of range, further advancing astronomic discovery.  
This energy source can also be used in space exploration. Hydrogen is a very common 
element and can be found all over the universe. If humans wanted to visit Mars or any other 
planet, they could have a reliable source of reusable energy to assist their exploration. Since this 
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energy source is lightweight, it could also power space probes, instrumentation, and rovers, and 
would be cheaper than solar energy. 
Drones have become a very popular commodity. With this energy source, a drone would 
be able to stay in the sky for as long as needed. This allows for many different applications like 
product delivery, surveillance, filming, military aid, etc.  
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CHAPTER 6: CONCLUSIONS 
 It is clear from the experiments performed that an interesting phenomenon is occurring. 
Excess heat is consistently observed, and further experimentation hints that there may be ways to 
scale these values for real-world applications of clean, reusable energy. The Gen 2 experiments 
with hydrogen and reactive Pd-ZrO2 at room temperature indicates an evident reason to continue 
this research and attempt to scale the energy released. One possible method would be to observe 
the reactions taking place at higher temperatures, which is what the Gen 5 system was designed 
for. With the ongoing crisis of climate change, it would be revolutionary to introduce a source of 
clean energy to power our civilization. With a cheap, reusable source of energy, many 
engineering and scientific applications can be further advanced beyond the limitations that exist 







[1] Michael C. H. Mckubre, Francis Tanzella. "Mass Flow Calorimetry." ICCF-14. Washington 
D.C: International Conference on Condensed Matter Nuclear Science, 2008. 15. 
[2] Rothwell, Jeb. LENR-CANR. Ed. Susan Seddon. Vers. 4. April 2007. 15 April 2018 
<http://lenr-canr.org/ColdFusionAndTheFuturehires.pdf >. 
[3] Takahashi, A., et al. Phenomenology and Controllability of New Exothermic Reaction 
between Metal and Hydrogen. Summary. Sendai, Japan: Technova Inc., 2017. 
[4] Wicke, E., et al. Record No. 2 PCT Properties. Record. Albuquerque: Sandia National 
Laboratories, 1990. 
 
 
